THE TIME the patient with acute myocardial infarction is first examined, his electrocardiogram may already show changes in the RS-T segment alone, in the T wave alone, in the QRS complex alone, or in any combination of the three. Changes in any of these portions of the ventricular complex and particularly in the QRS may not appear for hours or days. Some never show distinctive electrocardiographic changes; in these the diagnosis must rest upon other than electrocardiographic evidence. The changes in the QRS complex generally long outlast the changes in RS-T and T and ordinarily constitute the telltale evidence of previous infaretion for the remainder of the patient's life.
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Myocardial Infarction in Its Earliest Stages
A substantial experience with the very earliest electrocardiographic evidence of acute myocardial infaretion is still lacking. There is morphologic evidence that most infarcts begin in the subendocardium and only later develop transmural "breakthrough"; an electrocardiographic counterpart at this time would be conjectural and extrapolated. One might expect in strategically located leads depression of RS-T segments outlasting simple nonsustained ischemia. In one laboratory study' the very earliest sequence appeared to be T-wave inversion ("ischemic") followed by progressive elevation of RS-T segments, and the From development of upright T waves of increasing height. Experience elsewhere with nonanesthetized closed-chest dogs2 indicated, to the contrary, that the earliest change was an increase in positive T-wave voltage, a change more closely approximating the very early stages of human myocardial infaretion. In the clinic the earliest change to be recorded appears often to occur in the T wave, which becomes tall and peaked3 ("hyperacute") resembling the T wave of potassium intoxication4 and possibly reflecting alterations in potassium distribution about a damaged area of myocardium.5 The T wave may then, but sometimes initially, become inverted. As the process of infarction continues, changes occur in the QRS complex. Broad (0.04 see or longer) and prominent Q waves appear, producing QS or QR complexes where Q waves are not normally seen, and in the same leads as, or in leads contiguous to, those showing RS-T and T-wave changes. In the clinic as in the laboratory the T wvave may demonstrate a gigantic waxing and waning in amplitude with sharp peaked inversion resembling the cascadelike T waves observed in disturbances in the central nervous system.6 7 
Subendocardial and Nontransmural Infarction
The difficulty of diagnosing acute myocardial infarction from changes in the RS-T segment and T wave in the absence of changes in the QRS complex is well recognized." I." Though changes in RS-T and T may occur in the absence of myocardial infarction, when they are associated with a suggestive history and with laboratory evidence of tissue necrosis, the case for actual myocardial infarction is strengthened. For LEVINE ET AL.
to interpret tracings showing T-wave changes as suggesting an intramural site for the infarction. In many of these cases in which a QRS of normal appearance is recorded by the ECG, the VCG shows a markedly abnormal QRS (vide infra) indicating that transmural infarction has indeed occurred; this experience highlights one limitation of the ECG.
There has been little enough pathologic study of subendocardial infarction, practically none of intramural infarction as such. From considerations to be presented shortly, however, a subendocardial rather than an intramural location of the process would seem a much more likely explanation for infarction with T-wave changes only. According to the concept of electrical activation of the ventricular wall elaborated by the Ann Arbor school, significant Q waves would be expected in the epicardium overlying a subendocardial infarct. 10 Howvever, in a limited pathologic experience, such changes either have not been observed or, if observed, were small and unimpressive. Instead, generally there have been recorded in many or most precordial leads depression of RS-T segments with upright1' or inverted12 13 T waves but no Q waves; RS-T was elevated in lead aVR. At the Mayo Clinic deeply inverted T waves, in the absence of other electrocardiographic changes, were found to be evidence for subendocardial infarct.14 On the other hand, six large nontransmural infarcts extending from one half to three quarters of the distance from endocardium to epicardium were associated with RS-T and QRS changes commonly seen in transmural infarction.'5 These observations are in line with the experimental and clinical observations of Prinzmetal and his coworkers'6 17 suggesting a different manner of activation of the ventricular wall. This group considers that the R wave is the result of electrical activation of the outer layers of the heart, that the subendocardium is sluggish in generating injury potentials, and that functional alterations in the outer layers may be responsible for the RS-T and T-wave changes commonly observed in subendocardial injury. segment may normally show a slight downwvard displacement in lead II amounting to as much as 0.8 mm (-0.08 mv); this shift may increase in direct proportion to the heart rate and the P-wave area.27 Just as ventricular infarct may induce a "current of injury" with shift of the RS-T segment, so may atrial infaret induce a similar "current of injury"2') vith displacement of P-Ta ( fig. 1 ). This usually depresses P-R in leads II, III, and aV1. The right atrium, much more frequently than the left, is the site of infarction25 and rupture.44 Atrial mural thrombus formation, another complication, appears to be at least as common as thrombbus formation in the ventricular chambers in ventricular infarction, occurrincg in up to 845 of cases.'3 That pulmonary thromboembolism occurs in 24% of patients3. The electrocardiogram and the vectorcardiogram differ in three respects: frequenicy response, manner of recording, and manner of displaying the electrical activity of the heart.
It is nox common experience that the VCG may shoxw QRS changes diagnostic of myocardial infarction xhen the ECG is normal or shows only nonspecific changes)1 '-41 It is (olr purpose here to call attention to those situationis in xhich the VCG may proxve particularly helpful in the diagnosis, focusing attention upon those planes genCral.ly milost tiseful for a specific diagn-osis, e.g. the horizontal plane for anterior or posterobasal myocardial infarct, the frontal plane for inferior infaret. All VCGs here illustrated were obtained vith the Frank leads. Except for omissions of time marks, these are exact tracings of the original loops.
Inferior Infaretion
The most widely held criteria for the diagnosis of inferior infarction include earl) 0.025-sec vectors, which in the frontal plane are superior to the null point and which rotate in a clockwise direction.38. 3'! These criteria are x alid cven when the very earliest forces are inferior.3'! 40 The VCG can thus provide definitive: exidence of inferior infarction xvhen the ECG shows an initial R xvaxve in lead aV 1~4 1 ( fig. 2) According to the size of the infarct and the precise timing of its vectors within the QRS cycle, the loop may be markedly abnormal because it is inscribed in a conmpletely clockwise direction and located in the midline close to the +90°to +270' axis in the horizontal plane. In some of these cases, because of minimal rightward deviation of these early forces, Q waves may be insignificant or absent in the ECG. The only clue that H the QRIS has been significantly altered may be 94poor R-wave progression" or diminished height of the R wave in the left precordial leads. It is especially in this type of infarct in which the only obvious ECG abnormality is in the T waves that the term "intramural" infarct is often erroneously applied ( fig. 6 ). It is commonly taught that an infarct located high on the left lateral wall of the heart should show, as a clue, a broad, prominient Q wave in lead aV1, and, in corroboration, similar changes in special leads higher on the left precordium than the usual site of application. We have seldom been able to im-ake the diagnosis in this way. We would agree with Massie and Walsh3" that a "significant" Q wave anid a negative-T wave may be observed in lead aVI in normal individuals presumably because of an unuisual heart position. Although these findings in inormal subjects are usually associated with an inverted P wave,48 xwec have observed them even when the P wave is upright.
Chou and Helm,37 employing the Frank lead system, suggested that a counterclockwise frontal-plane loop with a maximal QRS vector exeendinig -400 itidicates high lateral iifarcet. Our own experience indicates that at this angle there is significant oxverlap with normnal subjects. Clearly, more accutrate criteria are nieeded for the diagnosis of high lateral infarct. It is our belief that other aspects of the frontal-plane loop may in time prox hielpful. Attention might also be directed to the initial deflection (R wave) in lead aV.
Posterobasal Infaretion
Posterobasal, dorsal, or "tr-ue" posterior infarct is onie of the more difficult ECG or VCG diagnoses. The posterior wall of the left xfentricle is said to be depolarized late in the QIIS cycle.8"; 44 To the extent that this is so, it is difficult to account for prominent anterior foices (upward deflections) early as well as late over the right precordium in these cases of myocardial infarction. r w . N ' ; * o / > -> ( ' < 5 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . ' It is common practice to infer an active myocardial process if the ECG shows definite changes in relation to previous tracings, but an abrupt metamorphosis in the ECG is not bona fide evidence of fresh myocardial infarction. Generally the latter does not blossom full grown but rather passes through a gradual sequential transformation. Conceivably such intermediate developments could be missed if events proceeded very rapidly or if observations were made too infrequently. However, this hardly accounts for all such abrupt mutations for they may be seen when the ECG is under very close surveillance, and they commonly disappear as suddenly as they appear. The development or recession of conduction disturbances, on the other hand, may change the ECG abruptly. The sudden appearance or disappearance of the full-fledged QRS changes of infarct could thus be due to the emergence or submersion of evidence of old infarct, revealed at one time, concealed at another.
